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NASA TT F-10,367 

A SYSTEM FOR THE GENERATION OF MONOCHROMATIC RADIATION 
FOR PHOTO-BIQLOGICAL INVESTIGATIONS 

G. Schoser 

The author describe a recently designed interference- 
filter monochromator system for biological investigations. 
The spectral range is from 400-800 nm; the system consists 
of 16 monochromator units. The output obtained previously 
by middle-volt projectors (110 V/750 w) is reached here at 
much lower cost and with much less optical equipment. 
operates with newly developed ellipsoid reflector lamps 
(12 V/150 w, Osram) as the radiation source. 
lizes a simple optical system. 
good as that of a high power projector (Prado, 750 w, Leitz). 
The improvements in interference filters do not still require 
strictly parallel rays in order to prevent stray losses. 
With filters of the new design, a deviation of 20' causes a 
change of 1 nm in the wavelength. 
sensitive to adjustments. 
luminated area. 

It 

Each unit uti- 
The overall efficiency is as 

This makes the system less 
They are made by centering the il- 

1. Introduction - /1* 

The problems of photo-biology remain unchanged at the center of attention. 
During past years, monochromatic radiation -- as defined by wavezlength in nm 
and intensity inp/cm2 or erg/cm2*sec -- has frequently been used to obtain ac- 
tion spectra of the more qualitative kind of biological events. Recently, at- 
tention was concentrated largely on its application to the quantitative analy- 
sizs of photo-biological phenomena. 
ser, 1959 and 19601, remarkable progress was made in the generation of radia- 
tion sources, leading to new solutions of a physical-technical nature. 
vast interest in the generation of monochromatic radiation for the purposes of 
photo-biology has stimulated new calculations for the design of simple radia- 
tion units which can be operated easily. Particular attention was paid to the 
following requirements: 

Since the last publications [Mohr and Scho- 

The 

1. Simple construction, easy to survey. 
2.  
3.  

Low cost combined with the highest possible output. 
Easy handling by a single operator. 

They are interference filter monochromator systems like the ones mentioned in 
the publications. Within current years, the manufacture of interference fil- 
ters has made progress as far as spectral purity is concerned. The background 

*Numbers in the margin indicate pagination in the original foreign text. 
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NASA TT F-10,367 

of t h e  f i l t e r  w a s  f u r t h e r  lowered. 
f i l t e r  f o r  poss ib l e  change:, e a s i l y  ca r r i ed  ou t  by means of a r e g i s t e r e d  spec- 
trophotometer, is t h e  guar rn tee  of spectral p u r i t y .  Further requirements f o r  
an i n t e r f e r e n c e  f i l t e r  system are t h e  following [compare a l s o  Mohr and Schoser, 
19591 : 

The t e s t i n g  of t h e  p r o p e r t i e s  of t h e  

1. 
multaneously. 

S ingle  wavefiengths can be produced independent of each o t h e r  o r  si- 

L 

2. Adjustment of t h e  i n t e n s i t y  can be c a r r i e d  out  i n  3 ways: by r egu la t -  
i ng  t h e  c u r r e n t  f o r  t h e  bulbs,  by in te rpos ing  exac t ly  defined n e u t r a l  co lo r  
g l a s s e s ,  and by modifying t h e  d i s t ance  between t h e  ob jec t  and t h e  source  of re- 
d i a t i o n .  

d 

The previous ly  mentioned disadvantage, t h a t  only a few ranges of wave- 
lengths  can be inves t iga t ed  simultaneously, should be minimized by t h e  construc- 
t i o n  described here.  

2. The Lipht Source 

Research on t h e  monochromator system presented he re ,  l e s d  t o  t h e  use  of 
e l i p s o i d  r e f l e c t o r  lamps r ecen t ly  used i n  narrow f i l m  p r o j e c t o r s  (Figure la-c) .  
This type of lamp is  p a r t i c u l a r l y  s u i t a b l e  s i n c e  t h e  appearance on t h e  market 
of an e l i p s o i d  r e f l e c t o r  lamp, 1 2  V/150 w. The e f f e c t i v e  output could be  in- 
creased considerably by winding a th inner  w i r e  around a f l a t  core  w i r e  c o i l .  
I n  add i t ion ,  t h e  s t r u c t u r e  of t h e  r a d i a t i o n  u n i t  is s impl i f i ed  s u b s t a n t i a l l y  be- 
cause t h e  a u x i l i a r y  mir ror  and the  condensor mir ror  are eliminated. I n  t h i s  
kind of lamp, a p a r t  of t h e  bulb is t h e  e l i p s o i d  r e f l e c t o r .  
body i s  s i t u a t e d  i n  focus F l ,  and l i es  on t h e  long a x i s  of t he  lamp. 

The i l l umina t ing  
The high- 

est concent ra t ion  of r a d i a t i o n  i s  near  focus F2, which, i n  tu rn ,  is determined 

by t h e  c h a r a c t e r i s t i c s  of t h e  inne r  r e f l e c t o r  (F1 - F2 equals 47 mm). The 
k s p f r i c a l  f r o n t  ha l f  i s  a mir ror  i n s i d e  with a 25 mm diameter window f o r  t h e  

emerging beam. This mir ror  su r face  has  the  same e f f e c t  as t h e  a u x i l i a r y  mir ror  
i n  t h e  usua l  condenser l e n s  i l l umina t ing  systems. The p ro jec t ion  of t h e  mir ror  
image of t h e  i l l umina t ing  body on t h e  i l lumina t ing  body i t s e l f ,  i n  o r i g i n a l  
s i z e ,  c l o s e s  t h e  gaps i n  t h e  c o i l ,  increases  t h e  e f f e c t i v e  l i g h t  i n t e n s i t y ,  and 
i n c r e a s e s  t h e  temperature of t h e  c o i l .  This improves t h e  r a t i o  of l i g h t  output 
( e f f e c t i v e  power) t o  appl ied  power (capacity of t he  lamp). These e f f e c t s  in -  
crease t h e  e f f e c t i v e  cu r ren t  by 35% without changing t h e  l i f e  expectancy. Thus, 
t h e  e l i p s o i d  r e f l e c t o r  lamp is, simultaneously, an i l l umina t ing  body, condensor 
mi r ro r ,  and a u x i l i a r y  mir ror  combined i n  a s i n g l e  s t r u c t u r a l  element. 
type  of lamp a l s o  has advantages from the po in t  of view of l i P h t  technolow.  
The l i g h t  emanating from t h e  l i g h t  source i s  almost completely u t i l i z e d .  
o p t i c a l  e f f i c i e n c y  is near  10% ( r a t i o  of e f f e c t i v e  power : applied power) com- 
pared w i t h  0.7 t o  1% of t h e  usual p ro jec to r  lamps. 
e l i p s o i d  r e f l e c t o r  lamps are a l s o  remarkable. A wide angle i s  i l lumina ted  and 
thus  a l a r g e  ape r tu re .  (Pro jec tor  ob jec t ives  wi th  a high r a t i o  -- up t o  about 
1 : l . Z  -- are p a r t i c u l a r l y  s u i t a b l e . )  
appearing when t h e  l i g h t  beam i s  concentrated by means of a mir ror  are e l i m -  

This /3 
Its 

The o p t i c a l  p r o p e r t i e s  of 

The undes i rab le  colored f r i n g e s  usua l ly  



inated.  
the  appearance of "s t r ipes" .  
l o s s e s  are prevented. 
b & h e  of r ays  near  F2 has  no d e f i n i t e  maximum. Small v a r i a t i o n s  i n  t h e  d i s -  

tance between window and lamp w i l l  thus  hardly inf luence  t h e  l i g h t  i n t e n s i t y .  

The i l lumina t ing  body appears b lur red  in the window. This  prevents  
By placing the  window near  t h e  second focus,  s t r a y  

It is  f u r t h e r  advantageous i n  t h a t  t h e  narrowing of t h e  

The e l i p s o i d  r e f l e c t o r  lamp must be mounted upside down (burning p o s i t i o n ,  
15 h r s )  t o  minimize l i g h t  l o s s e s  during its l i f e  t i m e  (25 h r s )  caused by black- 
ening of t h e  bulb. 

Since 1964, so-called quartz- iodine lamps are commercially ava i lab le .  An. 
iod ine  cyc le  process  prevents  t h e  blackening of t h e  very s m a l l  quar tz  bulbs.  
These lamps have a s t i l l  higher  l i g h t  i h t e n s i t y  combined w i t h  a doubling of the 
l i f e  expectancy (50 h r s ) .  Unfortunately,  i t  is  t echn ica l ly  impossible t o  com- 
b ine  t h e  advantages of both types of lamps .  
t h e  e l i p s o i d  r e f l e c t o r  lamp i s  more s u i t a b l e  as a l i g h t  source f o r  photo-biolo- 
g i c a l  purposes. A pro jec to r  wi th  a quartz-iodine lamp is, i n  i t s  design (auxi l -  
i a r y  mir ror  and mir ror  condensor) , comparable t o  a middle-volt apparatus  ( l l O V /  

Research has c l e a r l y  shown t h a t  

750 w ) ,  bu t  wi th  a h igher  average l i f e  expectanc 
m a s s  produced by indus t ry ,  e.g., Pradovid N 

50 h r s .  Such equipment is 

3. The I r r a d i a t i o n  System - 
To squeeze as many i r r a d i a t i o n  u n i t s  as poss ib l e  i n t o  a small area, t h e  

cons tan t  temperature foom w a s  placed i n  the  cen te r ,  divided i n  t h e  middle by 
a plywood sheet and both compartments connected by a s l i d i n g  door :(Figure 2) .  
On each s i d e  are 8 i r r a d i a t i o n  boxes, a l s o  separated from each o ther  by plywood 
shee t s .  
ed by Styroper  shee t s ,  100 mm th i ck ,  masked on both s i d e s  by plywood shee t s .  
The temperature con t ro l  is ca r r i ed  out  by a 3-point mercury thermostat  f o r  both 
compartments. Each ha l f  of t h e  room has i ts  own u n i t .  The temperature is ad- 
j u s t a b l e  from +O°C t o  +40°C (tl°C)*. 
mostly i n  c losed systems, no humidity con t ro l  i s  provided. 
a t  +2OoC a f a i r l y  constant  relative humidity of 60% is obtained. 

/4 

The constant  temperature room i t s e l f  is  a wood frame s t r u c t u r e  i n s u l a t -  

Since t h e  experiments are c a r r i e d  out  
A check showed t h a t  

The monochromatic r a d i a t i o n  is produced when t h e  l i g h t  beam e n t e r s  t h e  ir- 
r a d i a t i o n  room through the i n t e r f e r e n c e  f i l t e r .  Since t h e  chamber i s  i n s t a l l e d  
i n  t h e  a t t i c ,  i t  w a s  no t  necessary t o  i s o l a t e  t h e  i r r a d i a t i o n  u n i t s  separa te ly .  
The mutual i s o l a t i o n  of t h e  i r r a d i a t i o n  u n i t s  was e a s i l y  achieved by t h e  s t ruc -  
t u r e  of t h e  s h e l l  ( see  Figure 3). 
f o r  removal of t h e  hot  a i r  from t h e  p ro jec to r  unnecessary. The r a d i a t i o n  e n t e r s  
through h o l e s  50 mm wide. 
i d e n t i c a l  i n  a l l  16 cases. 
duct  <PE 4225/06, VE = 187 - 242 V,  Vk = 220 FO.l%, L = 5.6 kw. 

shows a c r o s s  s e c t i o n  through the  o p t i c a l  system. A l l  p a r t s  are e a s i l y  accesi- 
b l e .  The o p t i c s  are dominated by t h e  use of t h e  e l i p s o i d  r e f l e c t o r  p ro jec to r  

This l oca t ion  a l s o  made s p e c i a l  p recaut ions  

The p lac ing  and adjus&ment of t h e  r a d i a t i o n  u n i t  is  
The constant  vo l tage  i s  produced by a P h i l i p s  pro- 

Figure 3 

*Trans l a to r ' s  note:  Could they mean 0°C t o  ?: 40°C ( 2  l0C)? 
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lamps,l2 V/150 w,of t h e  O s r a m  Company (Cat. No. 58.8212). This p ro jec to r  lamp 
with an average l i f e  t i m e  of 25 h r s - i s  an i l l umina t ing  body, a u x i l i a r y  mir ror  
and condensor mir ror ,  a l l  i n  one. 
es from r e f l e c t i o n  on var ious  su r faces  and less dus t  c o l l e c t i o n .  The lamp i s  
mounted upside down on t h e  w a l l  of t h e  chamber i n  a cen te r ing  socket ,  P 35 i  
(burning pos i t i on ,  15 h r s )  on an angle iron. The angle  i r o n  has oblong holes  
permi t t ing  adjustment of t h e  lamp i n  a hor i zon ta l  and a v e r t i c a l  d i r e c t i o n .  
The g l a s s  hea t  s h i e l d  (KG 1, 2 mm t h i c k ,  hardened, from t h e  company Schott  & 
Gen., Mainz) and t h e  p ro jec to r  l e n s  (f  = 65 mm, Plankenkav, Spindler  & Hoyer, /5 
Gijttingen) a r e  screwed t o  t h e  w a l l  of t he  chamber, i n  holders  of stamped m e t a l  
wi th  holding loops, by means of d i s t ance  holding sepa ra to r s .  For b e t t e r  cooling 
of t h e  p r o t e c t i v e  hea t  f i l t e r ,  a U-shaped r e f l e c t o r ,  made from aluminum s h e e t ,  
i s  provided. The f an  (Maico EFK 20K, 220 V; 0.25 amp, 35 w, 1350 RE'M) f o r  gen- 
e r a t i n g  t h e  cooling air  stream i s  mounted on a bench. 
a t tached  t o  i t  d i v e r t s  t h e  a i r  stream towards t h e  lamp and t h e  o p t i c s .  
of Oheet metal wi th  a chimney covers t h e  r a d i a t i o n  u n i t  and i s  almost impermea- 
b l e  t o  l i g h t .  The holder f o r  t h e  in t e r f e rence  f i l t e r  is  screwed t o  t h e  w a l l  of 
t h e  cons tan t  temperature room. 
secure  t h e  f i l t e r .  
t u r e  room from t h e  outs ide .  
means of a two-legged, two-jointed holder. The frame holds t h e  su r face  mir ror  
(ALFLEX-A o r  ALFIEX-A wi th  high UV r e f l e c t i o n  f o r  t h e  b lue  s p e c t r a l  region; 
Deutsche Balzers GmbH Geisenheim, Rheingau). 
pos i t i on .  
ed. 
t h e  t a b l e  hangs t h e  tranformer f o r  regula t ing  t h e  vol tage .  
s i d e  of t h e  box makes it poss ib l e  t o  tu rn  t h e  lamp and t h e  f an  on and off simul- 
taneously.  S a t i s f a c t o r y  transformers a re ,  e.g., a Trafo with b u i l t - i n  v o l t -  
meter: I s m e t  RU, 0.5 kVa, Schutzar t  *O U 220/0-24 V, J = 2 1  amp (Schlenker 
and Meier, SchwenningenIN) o r  a FD Ringkern-Feinregler RFR "Labor" resp .  FD 
Ringkern-Feinregler GRFR "Goldring" (Dienes, Muhlheim/Main). 

This o f f e r s  t h e  advantage of decreased lo s s -  

A p i ece  of shee t  metal 
A hood 

It has three supports and two f l a t  sp r ings  t o  

A r o t a t i n g  frame is a l s o  a t tached  t o  t h e  w a l l  by 
The i h t e r f e r e n c e  f i l t e r  thus separates t h e  cons tan t  tempera- 

This mi r ro r  can be f ixed  i n  every 
On the  t a b l e  t h e r e  i s  t h e  "Laborboy" wi th  t h e  ob jec t  t o  be  i r r a d i a t -  

It serves as a f i n e  adjustment f o r  t h e  i n t e n s i t y  of t h e  r a d i a t i o n .  Under 
A switch on t h e  

4. Measuring the Radiation 

This i s  c a r r i e d  out  by a thermopile galvanometer system as described pre-  
v ious ly  [see Mohr and Schoser, 19591. 

Kipp & Zonen, Holland,is used as a receiver .  
needed, a m u l t i f l e x  galvanometer MGO (Dr. B. Lange, Ber l in)  o r  a Kipp Recorder 
BD 2 ( t h e  s e n s i t i v i t y  here  is 3&cm2 for  every s c a l e  d iv i s ion ) .  

struments are mounted on a movable table .  Phis  makes i t  poss ib l e  f o r  one opera- 
t o r  t o  a d j u s t  t h e  i n t e n s i t i e s .  

The large-surface thermopile E1 of 

The galvanometers used are, as 

The c a l i b r a t i o n  is  c a r r i e d  ou t  as described previously.  The measuring in-  

5. The Capacity of t h e  System /6 

Y 

The descr ibed  o p t i c a l  system produces an almost evenly i l lumina ted  c i r c l e  
of about 10 cm, a t  a d i s t ance  of 40 c m  from t h e  mirror.  The devia t ions  a r e  on 
t h e  o rde r  of +-lo%. 
ment [Mohr and Schoser, 19591. The system is  e s s e n t i a l l y  s u i t a b l e  f o r  t h e  

This makes t h e  setup more e f f i c i e n t  than t h e  Prado arrange- 
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* v i s i b l e  p a r t  of t h e  spectrum. A t  waveflength 404 nm ( f i l t e r  AL 404 HW = 23 nm, 

I t = 45%) an i n t e n s i t y  of 500 Ftw/cm2 = 5000 erg/cm2'sec i s  obtained. 

TABLE I. SUMMARIZES THE PERFORMANCE 

F i l t e r  max. 

AL 404 
'' 420 
" 431 
'' 454 
'' 472 
" 505 

553 
" 581 
" 603 
'' 629 
I' 663 
I' 674 
'' 711 
" 729 
'' 753 
" 772 

t max i n  % 

45 
43 
48 
49 
48 
56 
56 
50 
60 
62 
51 
61 
55 
61 
47 
53 

HW i n  nm 

23 
24 
20 
13 
20 
21 
18 
20 
19 
20 
24 
21 
1 7  
26 
19 
1 9  

Addit ional  f i l t e r s  t o  op t iona l ly  r ep lace  
t h e  mounted ones: 

A 1  829 
" 650 
" 690 

60 
44 
59 

19 
24 
21 

6. Discussion 

The descr ibed  arrangement is an attempt t o  show how, i n  a t echn ica l ly  s i m -  
p l e  way, i t  is  poss ib l e  t o  produce r e l a t i v e l y  high i n t e n s i t i e s  combined wi th  
good s p e c t r a l  pu r i ty .  
j e c t o r s  (110 V/750 w) is  reached here  a t  much lower c o s t  and wi th  
t i ca l  equipment. 
l y  p a r a l l e l  r ays  i n  o rde r  t o  prevent  s t r a y  lo s ses .  
design,  a dev ia t ion  of 20' causes a change of 1 nm i n  t h e  wavelength. 
makes t h e  system less s e n s i t i v e  t o  adjustments. 
i l l umina ted  area. 

The output  obtained i n  the  p a s t  by the  middle-volt pro- 
uch less op- 

sf% The improvements i n  in t e r f e rence  f i l t e r s  do not,,require s t r i c t -  
. With f i l t e r s  of t h e  new 

This 
They are made by center ing  t h e  

In  summary i t  can be  s a i d  t h a t  t h i s  p re sen ta t ion  is  a f u r t h e r  con t r ibu t ion  
t o  t h e  genera t ion  of monochromatic r ad ia t ion ,  based on in t e r f e rence  f i l t e r s ,  
app l i ed  t o  t h e  s o l u t i o n  of photo-biological problems. The author  i s  g r a t e f u l  
f o r  f u r t h e r  cr i t ic ism and eager t o  advance t h e  technica l -opt ica l  development. 

5 



7. Summary 

A r ecen t ly  designed i n t e r f e r e n c e - f i l t e r  monochromator system f o r  b io logi -  
c a l  purposes i s  described. 
system c o n s i s t s  of 16 monochromator uni ts .  

each u n i t  a simple o p t i c a l  system ( see  Figure 3) is used. 
t h i s  system is as good as t h a t  of a high power p ro jec to r  (Prado, YSO w, L e i t z ) .  
For i r r a d i a t i o n  i n  t h e  v i s u a l  p a r t  of t he  spectrum, these  u n i t s  show some ad- 
vantages i n  handling, s e r v i c e  and maintenance compared w i t h  former ones. 

The s p e c t r a l  range is from 400 nm - 800 nm. The 
It opera tes  wi th  newly developed 

The e f f i c i e n c y  of 
I e l l i p s o i d  reflector8lamps (12 V/150 w, Osram) as t h e  source of r ad ia t ion .  I n  

t 

The Deutsche Forschungsgemeinschaft supported t h i s  development by substan- 
t i a l  a s s i s t ance .  Thanks are due t o  Dipl. Ing. Sauer of t h e  O s r a m  company and 
Messrs. E. Sinner and H. Schaal f o r  t h e  cons t ruc t ion  of t h e  cons tan t  temperature 
room and t h e  r a d i a t i o n  u n i t .  
S t i e l ,  Tubingen. 
er & H e s s ,  Tiibingen. 

The conditioning u n i t  w a s  b u i l t  by t h e  f i rm K. F. 
The e l e c t r i c  i n s t a l l a t i o n s  w e r e  c a r r i e d  ou t  by t h e  f i r m  Pfuder- 

Legends fpr &he -7 /8 
b Figure 1: El ipso id  r e f l e c t o r  lampAOsram, No. 58.8212; l a  = i n  f r o n t  view; 

l b  = i n  s i d e  view; IC = seen from below. The dot ted  areas a r e  mir rors  i n s i d e  
and d u l l  ou ts ide .  

Figure 2: Divis ion of t h e  monochromator se tup  wi th  16 r a d i a t i o n  u n i t s  
seen from above. The numbers i n  t h e  boxes g ive  t h e  wavelength of t h e  r a d i a t i o n  
u n i t  i n  nanometers (nm). 1 = r a d i a t i o n  u n i t ;  2 = i r r a d i a t e d  a rea  wi th  t a b l e  
t i p ;  3 = boxes; 4 = condi t ion ing  u n i t ;  5 = thermostat;  6 = sepa ra t ing  w a l l  wi th  
s l i d i n g  door; 7 = i n s u l a t i n g  w a l l  of t h e  cons tan t  temperature chamber ( see  de- 
t a i l s  i n  t e x t ) .  

0 

Figure 3: Radiat ion u n i t  ( v e r t i c a l  c ros s  s e c t i o n  through t h e  o p t i c a l  axis); 
1 = i n s u w i n g  w a l l ;  2 = i n t e r f e r e n c e  f i l t e r  ha lde r  wi th  spr ings ;  3 = i n t e r -  
f e rence  f i l t e r  (removable); 4 = ALFLEX su r face  mir ror ;  5 = i r r a d i a t e d  area wi th  
t a b l e  top (and poss ib ly  "Lhborboy"); 6 = t h e  angle  i r o n  wi th  oblong ho le s  f o r  
a d j u s t i n g  t h e  p r o j e c t o r  lamp; 7 = hood of t h e  r a d i a t i o n  u n i t  wi th  a chimney f o r  
removal of t h e  hot  a i r ;  8 = lamp socket ,  P 35s; 9 = shee t  r e f l e c t o r  f o r  t he  f an  
t o  d i r e c t  t h e  cooling a i r ;  1Q = e l i p s o i d  r e f l e c t o r  lamp 12 V/150 w,  Osram; 11 = 
g l a s s  h e a t  s h i e l d  KG 1, 2 mm t h i c k ,  hardened, wi th  a t t ached  U-shaped aluminum 
s h e e t  r e f l e c t o r  f o r  improved cooling of t h e  f i l t e r  and holder ;  1 2  = p r o j e c t o r  
l e n s  wi th  ho lde r ;  13 = s h e l l  of t h e  wind channel; 14 = f an ,  Maico EFK, 20K 

- (220 V, 35 w, 0.25 amp, 1350 RPM). 
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